Biodiversity loss is a serious issue for freshwater fishes in temperate climates and there is a need for more information in this area. A study was conducted to assess fish community changes in the littoral zone of 22 lakes over a 45-year period (1969-1979 vs. 2014). To compare fish communities, historical seining records were compiled for 22 inland lakes and compared to contemporary data sampled using the same protocol. Fish abundance data analyzed using a multivariate approach identified a shift from cyprinid-dominated communities to centrarchid-dominated communities between time periods. There was no evidence to support a strong influence of invasive species on these communities, but there have been significant changes in temperature and land use around these lakes since the historical data sets were collected. This is an important contribution to our understanding of biodiversity change in North American freshwater fish communities and may influence fisheries management approaches in the future.
Freshwater ecosystems are among the most ecologically threatened on the planet (Abell et al. 2008) . There is evidence that North America's freshwater species are disappearing at a faster rate than species in tropical rain forests (Ricciardi and Rasmussen 1999) . Increasing human populations contribute to species decline in many ways including habitat loss/degradation, alien species introductions, and climate change (Jelks et al. 2008; Alofs et al. 2014) . Understanding the underlying mechanisms involved in biodiversity loss in aquatic ecosystems is crucial for future management efforts, but the lack of long-term monitoring of fish communities makes it difficult to determine these mechanisms. Evidence provided by Jeppesen et al. (2012) indicated that fish assemblages in European lakes have been shifting in recent decades and that an important contributing factor is probably increasing temperature. In North America, studies examining fish community changes in lakes are limited and have mainly focused on introduced predatory species and their impact on biodiversity under current and future climate scenarios (e.g. Whittier et al. 1997; Jackson and Mandrak 2002; Trumpickas et al. 2011; Alofs and Jackson 2014) .
Identifying changes in fish communities over time and the causes of those changes is challenging due to the general lack of detailed historical data. Often only historical occurrence data are available as abundance and sampling effort were typically not reported (Patton et al. 1998; Tingley and Beissinger 2009) . Limitations D r a f t 3 of using only occurrence data, for which sampling effort is not known, include false absences and the inability to describe fish community changes resulting from shifts in relative abundance rather than introductions or extirpations. In the absence of abundance data, occurrence data are still useful to gain valuable insight and are considered relatively robust when comparing data collected with varying effort (Jackson and Harvey 1997; Heino et al. 2010) . Some studies have used abundance data to describe fish community changes in Europe (Jeppesen et al. 2012) . However, in North America, the only studies using abundance data to examine fish community changes over time have been focused on larger gamefishes (Robillard and Fox 2006) or on smaller fishes in a single waterbody (Trumpickas et al 2012) . Thus, there is a need for larger-scale studies that examine changes in small fish communities over time in North America using abundance data.
The aim of the present study is to determine if there have been changes in the littoral fish communities in a group of 22 Ontario lakes where historical species abundance data exist for small fishes. Historical fish community data with known sampling gear type, effort, date, and location were compiled and the surveys repeated using the historical methods. We hypothesize that there may have been changes in these fish communities and that these changes may not be a result of invasive species. D r a f t
METHODS

Fish Community Data
A dataset was compiled that consisted of littoral fish community data for 22 lakes in southeastern Ontario that have been sampled at least once historically (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (Fig. 1) . Repeating the historical methods used in the Ontario Ministry of Natural Resources Lake Inventory (Dodge et al. 1985) , a contemporary data set was compiled based on fish sampling in summer 2014. All contemporary sampling was conducted within the same time period and similar water temperatures as the Lake Inventory; June through August and with water temperatures above 20°C. To make direct comparisons between time periods, only seining data were used from the historical sampling. The number of sites per lake varied (1-11) based on historical effort. Depending on the site (n=55), either a 9.14 m x 1.83 m, 6 mm bag seine or an 18.29 m x 1.83 m straight seine was used as indicated in the historical records. Species sampled were identified and counted for each site and then pooled by lake. Vouchers were taken for each species at each site and verified in the lab.
Environmental Data
Previous research has shown that surface air temperatures can be used as a proxy for near-surface lake water temperatures (Livingstone and Lotter 1998; Sharma et al. 2008) . To examine the potential influence of climate change on fish communities, near-surface air temperatures from each lake were compared between time periods. Temperature from climate stations across southeastern Ontario were averaged over 10-year historical (1969-1979) (Shuter et al 1980) .
Other environmental variables included were Zebra Mussel (Dreissena polymorpha (Pallas, 1771)) occurrence and shoreline alterations. Zebra Mussel occurrence was recorded at each sample site and absences were validated with current distribution maps (EDDMapS Ontario 2015). Zebra Mussel was not present during the Lake Inventory as it was not found in Ontario until the 1980s (Neary and Leach 1992) . There were no known fish introductions into the lakes. Land use and the number of cottages on each lake for the two time periods were used to characterize shoreline alterations. Land use around each lake was identified using a 30m buffer in ArcGIS (ERSI 2011), as this area is known to influence aquatic biota communities (Lee et al. 2004 ). Land-use data from the 1966 Canadian land inventory (DUC and OMNR 2011) 
Statistical Analyses
To test for significant abundance changes in individual species, species abundance was expressed as Catch-per-unit-effort (CPUE), where 'unit effort' is the site, calculated for each fish species in both sampling periods. The mean CPUE per lake for each species was compared between the historical and contemporary sample periods using a paired nonparametric Wilcoxon sign-rank test (α=0.05; Wilcoxon 1992) . Tests for CPUE were conducted multiple times, once for each species, increasing Type-I error due to multiple hypothesis testing. This error was controlled by applying a false discovery rate (FDR) (Benjamini and Hochberg 1995) .
To examine shifts in fish communities among lakes and time periods, ordination methods based on similarity matrices were used to visually identify patterns in the data. A Bray-Curtis similarity index (Bray and Curtis 1957) was used on root-transformed relative fish abundance to down-weight the importance of highly abundant species. Non-metric Dimensional Scaling (NMDS) was used to examine the relationship between fish community and time in two-dimensional space (Kruskal and Wish 1978) . To test for significant changes in the fish community, Adonis (p<0.05) was used to compare historical and contemporary distance matrices used in the nMDS analysis (Anderson 2001) . Adonis was also used to assess the potential effect of Zebra Mussel on fish community change by comparing contemporary fish communities in lakes with and without Zebra Mussel.
Matrices were further analyzed using percentage analysis to identify which species contributed the most to the dissimilarity (Clarke 1993) .
A paired student t-test was used to examine the influence of the explanatory variables temperature, Secchi depth, and shoreline use. Alternatively, a paired Wilcoxon sign-rank test was used where data did not follow a normal distribution.
All statistical analyses were performed with Program R (R Core Team 2013). The Community Ecology Package {vegan} was used for multivariate analyses, including
Adonis and similarity percentage (Oksanen et al. 2013) .
RESULTS
Species Abundance
A total of 6088 fish records was used in this study: 2458 individual fishes representing 29 species in the historical data set; and, 3630 fishes representing 24 species in the contemporary data set (Table 1) . Several species were not caught during the re-sampling: Alewife, Bridle Shiner, Creek Chub, Northern Pearl Dace, Northern Redbelly Dace, Rainbow Smelt, and Iowa Darter (common names according to Page et al. (2013) ; scientific names provided in Table 1 ). Conversely, the contemporary sampling detected the presence of Bowfin and Northern Pike, which were absent in the historical data set, but are considered native to the region (Mandrak and Crossman 1992) .
Changes in species abundance were observed. The top three fish species that increased in CPUE between the time periods belong to the family Centrarchidae, and D r a f t 8 the top three fish species that decreased belong to the family Cyprinidae (Fig. 2) .
CPUE increases in Bluegill and CPUE decreases in Bluntnose Minnow were found to be significant (Wilcoxon rank-sign; P < 0.05).
Fish Community
There was a significant difference between historical and contemporary fish communities, where time period accounts for 16% of the variation (Adonis; P < 0.001). Bluegill, Pumpkinseed, Bluntnose Minnow, and Golden Shiner contribute over 50 % of the difference observed between time periods. The NMDS results showed a strong shift from cyprinid-dominated communities to centrarchiddominated communities (Fig 3) , consistent with species CPUE results (Fig. 2) . All lake communities (n=22) had a large reduction in cyprinid CPUE and an increase in centrarchid CPUE, with the exception of one outlier, Tetsmine Lake. Centrarchids have not been recorded in Tetsmine Lake. As a result, this lake's fish community exhibited little change over the two time periods (Fig 3) .
Temperature
Temperatures increased significantly across the study region between historical and contemporary sampling periods. Annual temperatures increased 1.2 °C (SE +/-0.07) ( Table 2) , with spring, summer, fall, and winter temperatures increasing by 0.7°C (SE +/-0.07), 0.4 °C (SE +/-0.02), 1.0°C (SE +/-0.07), and 3.0 °C (SE +/-0.24), respectively. In addition, mean July temperature increased on average 0.6 °C (SE D r a f t 9 +/-0.06). All reported temperature increases were significant between the two time periods (paired t-test; P < 0.05).
Shoreline Use
Land use around the perimeter of the study lakes has changed since the historical sampling period. There has been a 5 % increase in pastures, 4 % increase in wetlands, and 18% decrease in forested areas within a 30 m buffer from the water. Cottages have significantly increased by 65 % in the study region (Table 2) , which is equivalent to one more cottage for every 1.75 km of shoreline (paired Wilcoxon rank-sign; P = 0.001).
Invasive Species
Two invasive fish species, common in Lake Ontario (Mills et al. 2005) , were detected in the historical sampling. Alewife was seined in Big Rideau Lake and both Alewife and Rainbow Smelt were seined in Gananoque Lake. Neither species was detected in the 2014 sampling. Zebra Mussel, a more recent invasive species, not in the historical records, is now established in 13 of the 22 study lakes ( Table 2 ). The introduction of Zebra Mussel to lakes has led to reports of increased water clarity (Zhu et al. 2006) . In the present study however, there were no significant differences in Secchi depths between the two sampling periods (paired t-test; P > 0.05). Furthermore, there were no significant differences in Secchi depths between the two time periods in lakes with and without Zebra Mussel (paired t-test; P > D r a f t 0.05). There were also no significant differences in contemporary fish communities between lakes with and without Zebra Mussel (Adonis; P > 0.05).
DISCUSSION
The historical data used in this study provides a new perspective on how freshwater fish communities are changing. By compiling detailed fish assemblage records for 22 lakes in southeastern Ontario, 1969 Ontario, -1979 , and repeating the sampling effort in 2014, this study shows that there has been a profound shift from cyprinid-dominated to centrarchid-dominated communities in this region.
To date, studies describing large shifts in fish communities in North America have been largely focused on the impacts of introduced species. Several of these studies have described the impact of introduced centrarchids on naïve native cyprinid communities under current climate (e.g. Trumpickas et al. 2011) Mussel. Zebra Mussel was first detected in Lake Ontario and the St. Lawrence River in the late 1980s and has been progressively invading inland lakes (Griffiths et al. 1991) . Although this filter feeder is known to increase water clarity, we found no evidence of changes in clarity levels in our study lakes. Furthermore, there was no D r a f t difference in the contemporary fish communities in lakes with and without Zebra Mussel.
The present study provides evidence that there have been significant changes in water temperature and shoreline use since the historical time period.
Since the changes we observed in fish communities were consistent across many lakes and not attributed to invasive species, it is possible that these factors have contributed to the pronounced shifts in fish communities that we observed.
Increases in the abundance of centrarchids without introduction could be explained by small, but significant, temperature increases in our study lakes. Winter survival of young-of-year (YOY) centrarchids is largely dependent on their size and duration of winter (Shuter et al. 1980) . Younger fishes deplete their energy reserve more rapidly than older fishes, so the general strategy for YOY centrarchids over winter is to build large lipid stores in the summer and fall (Schultz and Conover 1999; Suski and Ridgway 2009) . Lipid stores can be estimated using July temperatures, which are correlated with production and growth of YOY centrarchid species such as Smallmouth Bass (Shuter et al. 1980) . The significant increase in mean July temperature in southeastern Ontario has likely resulted in YOY centrarchids with greater lipid stores better able to survive winter. Changes in winter duration over time may be another important factor leading to improved survival of YOY centrarchids (Shoup and Wahl 2011) . Assel and Robertson (1995) concluded that ice duration on inland lakes has been decreasing in the Great Lakes region. They found that every 1 o C increase in fall/winter temperatures resulted in D r a f t 11-15 more ice-free days, meaning the lakes in this study could have experienced 22-30 more ice-free days compared to the historical period. This increase in ice-free days, combined with larger YOY centrarchids going into winter, may result in higher overwinter survival and, ultimately, larger populations of centrarchids.
There are several reasons why the observed reductions in cyprinids in our study lakes could be a direct result of the increases in centrarchids. Young-of-year Bluegill can outcompete Golden Shiner for food resources (Paszkowski 1986 ).
Cyprinids are also a common prey species for the majority of adult centrarchids such as Black Crappie, Largemouth Bass, Rock Bass, and Smallmouth Bass (Scott and Crossman 1998) . Bluegill also preys on YOY cyprinids (Scott and Crossman 1998) .
Thus, the increased survival of YOY centrarchids, as a result of increasing temperatures, could initially lead to competition with cyprinids for food, then increased predation on cyprinids as the centrarchids grow. The observed decline in cyprinids over time may therefore be a result of increasing temperatures favouring increased centrarchid abundance, but this potential explanation will require further investigation.
Shoreline alterations influence the littoral habitat for freshwater fishes by affecting water temperature, vegetation cover and the breeding and nursery habitat for many fishes, including cyprinids. This study found shoreline alterations changed between time periods; the number of cottages increased and riparian forest cover decreased. Altered littoral fish habitat generally favors larger-bodied centrarchid communities, which is reflected in our 2014 samples (Poe et al. 1986 and D r a f t
Smokorowski and Pratt 2007). These alterations may also explain why Bluntnose
Minnow has experienced the greatest declines. The Bluntnose Minnow lays its eggs on the underside of structures in shallow water; these structures are flat rocks or coarse woody debris (CWD) in many lakes (Scott and Crossman 1998) . There is a positive correlation between CWD and riparian tree density and a negative correlation between CWD and cottage density (Christensen et al. 1996) . The 18% decrease in riparian forested area and 65% increase in cottages should therefore result in less CWD for the Bluntnose Minnow. The observed changes in land use may also be contributing to increasing water temperatures. Thus, it is possible that both the increase in cottages and decrease in forested areas in southeastern Ontario over the last 40 years have also contributed to the shift from cyprinid-to centrarchid-dominated communities.
Historical data are widely used in fisheries research, but few studies have explored the influence of historical data structure on the interpretation of fish community change over time. The historical data used in this study were rare; detailed data on sampling gear and effort, and site location were available. Further research should be conducted to determine the influence of limited data availability on identifying historical changes in fish communities and to identify methods to overcome potential shortcomings in historical datasets. In this study, detailed historical data using gear types other than a seine were not available for the study lakes; therefore, offshore sites were not sampled and an examination of changes in the entire fish community was not possible. Although there have been significant changes in temperature and land use since the historical data sets were collected, it D r a f t 14 is important to point out that our results do not provide sufficient evidence to conclude that there is a direct linkage between these factors and the observed changes in fish communities and that there could be other contributing factors. We suggest that future studies should examine these relationships in more depth using different proxies for climate change and land use and larger data sets.
Unfortunately, these studies may also be limited by the availability and quality of historical data.
Fisheries management decisions regarding biodiversity loss should be based on an understanding of how fish communities are changing and the factors that are the drivers of these changes. This study provides further insights about the underlying causes of biodiversity loss in freshwater fishes in lentic systems. A consistent shift from cyprinid-dominated communities to centrarchid-dominated communities has occurred in these lakes that is not a direct result of invasive species as found in previous studies on North American lakes (Jackson 2002; Dextrase and Mandrak 2006; Jelks et al. 2008) . It is possible that warming temperatures and changes in land use have contributed to these fish community shifts, but additional research is warranted to determine the relative importance of these environmental factors on fish communities in North America. Improving our understanding of these linkages should be a priority as it will provide important direction for future strategies to manage and conserve fish populations. (1969-1979 and 2014) . Controlling for false detection rate, changes in CPUE in Bluegill and Bluntnose Minnow are significant (* Wilcoxon rank-sign; P < 0.05). See Table 1 for scientific names. 
